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(54) Sheet type lithium secondary battery 

(57) A sheet type lithium secondary battery com- 
prising a negative electrode sheet (1) having an active 
material layer (1 2) on one side and a positive electrode 
sheet (2) having active material layers (22) on both 
sides which is inserted between flaps of a negative elec- 
trode sheet (1) folded with said active material layer (12) 
placed inside, and a separator (3) impregnated with a 
nonaqueous liquid electrolyte and set between the 



active material layers of the negative electrode sheet 
and positive electrode sheet. Inasmuch as the sheet 
type lithium secorxiary battery of the present invention 
is superior to conventional products in space factor and 
iight'weightedness. and highly safe, it is suitable as a 
battery for cellular phones and electronics such as per- 
sonal computer. 
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Descripti n 

TECHNICAL FIELD OF THE INVENTION 

5 The present invention relates to a lithium secondary battery. More particularly, the present invention relates to a 

sheet type lithium secondary battery having an increased battery capacity. 

BACKGROUND OF THE INVENTION 

10 Lithium secondary batteries having greater discharge capacity have been drawing much attention as batteries for 
cellular phone and electronics such as personal computer. Such lithium secondary batteries have been mainly three 
dimensional ones such as columnar and box type batteries. Nevertheless, due to the factors of space and weight, sheet 
type lithium secondary batteries have been ai particular interest these days. 

The sheet type lithium secondary batteries have a structure wherein an electrolyte is f illed between the positive and 
IS negative electrode sheets and. without the sheets being wound, sealed with a suitable sheathing sheet The electrolyte 
may be solid or liquid as in the three dimensional batteries. A liquid electrolyte is used to immerse a separator as in the 
three dimensional batteries. A sheet type lithium secondary battery is advantageous in that ft keeps less heat inside the 
t)attery. because it shows fine heat radiation performance due to its thinness, which is different from three dimensional 
l>atteries. This in turn makes it highly safe by preventing incidert of explosion caused by battery reaction inside the bat- 
20 tery, even if an excess current has been flown for some reason or the battery has been penetrated with a nail etc On 
the other hand, a sheet type lithium secondary battery has a drawtsack that it cannot provide mass capacity due to its 
smaller electrode area as compared to that of a three dimensional battery. 

For example. Japanese Patent Unexamined Publication No. 96789/1996 proposes the use of a separator made 
from a polysaccharide having greater electrolytic solution retention capability, in an attempt to increase the capacity of 
2S a sheet type lithium secondary battery. The proposed use is problematic from a practicaJ viewpoint of production costs, 
since such separator becomes expensive. 

In addition. Japanese Patent Unexamined Publication Nos. 78152/1990, 301973/1990 and others propose folding 
the positive and negative electrode sheets via separator a number of times, in an attempt to increase the capacity of a 
sheet type lithium secondary battery. By folding the sheets many times, the area of electrodes can be increased and 
30 the capacity of the battery can be also increased. However, a sheet type lithium secondary battery wherein electrode 
sheets have been folded many times is associated with the occurrence of dendrite. 

tt is therefore an object of the present Invention to provide a sheet type lithium secorxiary battery having a structure 
wherein electrode sheets have been folded to increase the capacity of the battery, which battery being free of or less 
associated with the occun-ence of dendrite. 

35 

SUMMARY OF THE INVEf^lON 

As a result of the study and investigation in an attempt to achieve the above-mentioned object, the present inven- 
tors have first elucidated the mechanism of the occurrence of dendrite in folded electrode sheets and developed the 
4o present invention based on such finding. That is. when electrode sheets are folded many times, a negative electrode 
comes to be located on the outside of a positive electrode sheet or vice versa. Of such positional combinations, the neg- 
ative electrode active material layer which comes inside the active material layer of the folded positive electrode sheet 
suffers from the occun^ence of dendrite at an end portion thereof upon charging the battery, since the positive electrode 
active material layer releases litfiium ion to the extent that a small area of the tip of the negative electrode active material 
layer, that comes in contact with and enclosed by the positive electrode active material layer, cannot receive. 

Accordingly, the present invention provides the following. 
* 

(1) A sheet type litNum secondary battery comprising a negative electrode sheet having an active material layer on 
one side thereof and folded with said active material layer being inside, a positive electrode sheet having an active 

so material layer on both sides which is inserted between flaps of the folded negative electrode sheet-and.a.separator 
impregnated with a nonaqueous liquid electrolyte and set between the active material layers of the negative elec- 
trode sheet and the positive electrode sheet. 

(2) The sheet type lithium secondary battery of (1) above, wherein one negative electrode sheet is folded in two at 
the center portion thereof or a portion near the center thereof. 

55 (3) The sheet type littiium secondary battery of (1) above, wherein the entire edge of the active material layers on 
the both sides of the positive electrode sheet does not extend beyond the edge of the active material layer of the 
negative electrode sheet. 

(4) The sheet type lithium secondary battery of (1) above, wherein the negative electrode active material is a graph- 
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He, and the positive electrode active material is a lithium-containing transition metal oxide. 

The invention of the following (5) to (7) is directed to a particularly safe sheet type lithium secondary battery 
further improved in space factor and light-weightedness. 

(5) The sheet type lithium secondary battery of (1) above, wherein the effective capacity of the negative electrode 
5 active material layer is 80-120 mAh per 100 mAh of the positive electrode active material layer. 

(6) The sheet typ lithium secondary battery of (5) above, wherein the effective capacity of the negative electrode 
active material layer is 100-1 10 mAh per 100 mAh of the positive electrode active material layer. 

(7) The sheet type lithium secondary battery of (5) above, wherein the positive electrode active material layer com- 
prises a fithiunvcontaining transition metal oxide and the negative electrode active material layer comprises a 

w graphite. 

The present invention further provides a sheet type lithium secondary battery which is free of a short-circuit 
caused by dislocation of the battery elements and which permits air-tight and uniform impregnation of a sheathing 
sheet with a liquid electrolyte in a short time to facilitate industrial production. 

(8) The sheet type lithium secondary battery of (1) above, wherein the separator comprises separator sheets 
IS adhered together to have a bag shape, said separator bag housing the positive electrode sheet and/or negative 

electrode sheet in such a manner that they cannot leave the bag, and the bag having an unbonded part through 
which the nonaqueous electrolyte can move freely from and into the bag, and wherein the separator is air-tightly 
housed in a sheathing sheet. 

(9) The sheet type lithium secondary battery of (8) above, wherein the bonded part of the separator sheets is main- 
20 tained at least until the inside of the sheathing sheet is air -tightly sealed. 

(10) The sheet type lithium secondary battery of (8) above, wherein the active material of the positive electrode 
sheet is a lithium-containing transition metal oxide and that of the active material of the negative electrode sheet is 
a graphite. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a top view of one embodiment of the present Invention. 

Fig. 2 shows a cross section along the line X-X in Fig. 1. wherein 1 is a negative electrode sheet. 13 is a folded part 
of the negative el ectrode sheet 1 . 2 is a positaVe electrode sheet. 3 is a separator. 4 is a sheathing sheets 5 is a negative 
30 electrode terminal and 6 is a positive electrode terminal. 

Fig. 3 shows a cross section along the line X-X in Fig. 1 . wherein a separator bag 3' is used as the separator. 

Fig. 4 shows another cross section along the fine X-X in Fig. 1 , wherein a separator bag 3* is used as the separator. 

Fig. 5 is a top view of a separator t^ag to be used in the present invention. 

Fig. 6 is a top view of another separator bag to be used in the present invention. 
35 Fig. 7 is a top view of a yet another separator bag to be used in the present invention. 

Fig. 8 shows a cross section along the line Y-Y in Fig. 7. 

DETAILED DESCRIPTION OF THE INVENTION 

40 According to the present invention, the folded negative electrode sheet sandwiches the positive electrode sheet 
having active material layers on both sides, as a result of which the end portion of the positive electrode sheet is 
enclosed with a large area of the negative electrode active material layer. Consequently, a small annount of lithium ion 
discharged from the inserted end portion of the positive electrode sheet is fully received by the large area of the nega- 
tive electrode active material layer, so that the occurence of dendrite in this portion can be substantially obliterated. In 

45 a more preferred embodiment of the present invention, the entire edge of the active material layer of the both sides of 
the positive electrode sheet does not extend beyond the edge of the active material layer of the negative electi-ode 
sheet That is, the entire edge of the active material layer of the negative electrode sheet is present outside the entire 
edge of the active material l^er of the both sides of the positive electrode sheet, so that the lithium ion cfischarged from 
the entire edge of the active material layer of the both sides of the positive electrode sheet Is received by the negative 

so electrode active material layer, thus substantially eliminatlng,the.occurrence-of-dendrrte in the vicinity off the edge of the 
negative electrode active material layer. 

According to the present invention, tiie negative electrode active material, positive elecfode active material, posi- 
tive and negative collectors, nonaqueous liquid electrolyte and separator may be any that are known in the fields of lith- 
ium secondary battery or lithium ion secondary battery. In particular, rxin-metallic litiiium negative and positive 

55 electrode active materials are generally preferable, since they further improve the safety and handling property of the 
sheet type lithium secondary battery. 

Examples of preferable negative electrode active material include graphites such as various natural graphites and 
artificial graphites (e.g., fiber graphite, scale graphite, spherical graphite and the rike). and examples off binder include 
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polytetrafluoroethylene, polyvinylidene fluoride, polyethylene, ethylene-propylene-diene polymer ar!me like. 

Examples of preferable positive electrode active material include those having a potential difference from negative 
electrode of at least IV. such as I'lthium-containing transition metal oxides of UMn204. UCoOa, UNio.sC o.sOa- LiNi02, 
U-Co-P complex oxide (e.g.. UCoq SP0.5O2. UC00.4P0.6O2. UCoo.sPo ^Og. UCoo-3Nio,3Po.4Q2. UCoo.2Nio.2Po.6O2 and 

s the like) and the like. Of these, an U-Co-P complex oxide capable of increasing the electronnotive force and charge dis- 
charge voltage of the secondary battery is particularly preferable. Examples of the binder indude polytetrafluoroethyl- 
ene. polyvinylidene fluoride, polyethylene, ethylene-propylene-diene polymer and the like. A conductive material 
includes, for example, various conductive graphites, conductive cartDon black and the like. 

As the negative electrode collector, conductive metals such as copper, nickel, silver and SUS are preferable, which 

10 are exemplified by foil or foil with holes having a thtakness of about 5-100 jun. particularly preferably about 8-50 jun. and 
expanded metal having a thickness of about 20-300 pan, particularly about 25-100 tun. 

As the positive electrode collector, conductive metals such as aluminum, aluminum alloy, titanium and the like are 
preferable, which are exerr^lified by foil or foil with holes having a thickness of about 10-100 fun, particularly preferably 
about 15-50 \im, and expanded metal having a thickness of about 25-300 urn, particularly about 30-150 jim. 

IS The negative electrode sheet is exemplified by those having a negative electrode active material layer having a 
thickness of about 20-500 jim. particularly about 50-200 jim. which is formed by applying a composition of a negative 
electrode active material and a binder on one side of the negative electrode collector, drying thoroughly and press- 
extending. 

The amount of the negative electrode active material to be used is about 80-96 parts by weight per 100 parts by 

20 weight of the total amount of the negative electrode active material and the binder. 

The positive electrode sheet is exemplified by those having a positive electrode active material layer having a thick- 
ness of about 20-500 jim. particularly about 50-200 \im. on both sides, which are formed by applying a composition of 
a positive electrode active material, a conductive material and a binder on both sides of the posHive electrode collector, 
drying thoroughly and press- extending. 

25 The amount of the positive electrode active material to be used is about 80-95 parts by weight per 100 parts by 
weight of the total amount of the posrtive electrode active material, conductive material and binder; the amount of the 
binder is about 1-10 parts by weight per 100 parts by weight of the positive electrode active material: and the amount 
of the conductive material is about 3-15 parts by weight per 100 parts by weight of the positive electrode active material. 
While the size and shape of the positive electrode sheet-vary depending on the use of the littiium secondary bat- 

30 tery. when It is used for cellular phones, for example, it is a square or rectangle having an area of about 30-100 cm . 
The negative electrode sheet has an area of at least twvice or more larger than that of one side of the positive electrode 
sheet to achieve the object of the present invention. 

Examples of the nonaqueous liquid electrolyte indude electirolyte solutions obtained by dissolving salts in an 
organic solvent. Such salts indude. for example. UCIO4. UBF4. UPFg. UAsFg, UAICI4. U(CF3S02)2N and the like. 

55 which may t)e used alone or in combination. 

Examples of the organic sdvent indude ethylene cartjonate. propylene carbonate, dimethyl carbonate, diethyl car- 
bonate, ethyl mettiyl carbonate, dimethyl sulfoxide, sulforane. rbutyrdactone. 1 .2-dimelhoxyethane, N.N-dimethylfor- 
mamide. tetrahydrofuran, 1 ,3-diaxorane, 2-methyltetrahydrofuran. diethyl ether and the like, which may be used alone 
or in cornbination. The concerrtration of such salts in an electrolyte solution is appropriately about 0.1-3 moles//. 

40 The material of the separator and a mettiod for impregnation of the electrolyte solution follow those conventionally 
known. For example, the separator may be made from polyoleflns such as polyethylene and polypropylene, polyesters 
such as polyetiiyleneterephthalate, thermoplastic fluororesins such as ethylene-tetirafluoroetiiylene copolymer and cel- 
luloses, which may be used alone or in combination. Impregnation may include, for example, pladng the positive and 
negative elecfode sheets and a separator in a sheathing bag into which a nonaqueous liquid electrolyte is filled under 
reduced pressure, and closing the sheathing bag while retaining ttie reduced pressura 

In response to tfie increasing demand in recent years for llght-weightedness and less thickness of a sheet type lith- 
ium secondary battery, the effective capacity of the negative electrode active material layer has been reduced in the 
present invention. 

In columnar and box type three dimensional lithium secondary batteries, a negative electrode sheet and a positive 
so electrode-sheet are.wound.many times with an electrolyte layer inteivening between them and housed In a sheathing 
container. Such structure including plural windings causes poor heat radiation performance inside the battery. When an 
excess cun-ent has flown by a failure for some reason in the battery, topical overheating occurs, which may be accumu- 
lated to cause firing of tfie battery. In particular, when tine negative electrode active material layer has an excessively 
less effective capadty than that of the positive eledrode adive material layer, the risk of explosion tends to inaease. 
55 For exanple. in Technical Report of tiie Institute of Electronics, Information and Communication Engineers, PE94-57, 
CPI^94-1 00 (1995-01) reporting on firing test of a battery by nail penetration, the need has been pointed out for setting 
the effective capacity of the negative electrode active material layer comprising a graphite to at least 1 70 mAh per 100 
mAh of the positive electrode active material layer to eliminate ttie risk of firing of tiie littiium secondary battery. 
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Such ratio of the effective capacity of the three dimensional lithium secondary battery hasWCh adopted by con- 
ventional sheet type lithium secondary batteries. The effective capacity of the negative electrode active material layer 
is in proportion to the amount used of the negative electrode active material constituting said layer, and an increase 
thereof leads to greater weight and greater thickness of the negative electrode active material layer and the battery 
5 itself. 

However, nail penetration tests and other topical destruction tests of sheet type lithium secondary batteries having 
a negative electrode active material layer made from various graphites have revealed that they are unexpectedly highly 
safe even when the negative electrode active material layer has a considerably low effective capacity, because the very 
sites of topical destruction, not to mention other parts of the battery, showed no substantial increase in temperature. 
10 This is because the sheet type lithium secondary battery is generally thin and has extremely superior heat radiation per- 
formance, so that a topical overheating in the battery can be cooled down in a very short time. 

In the present invention, the eHeclive capacity (mAh) of each positive and negative active material layer can be 
obtained by the following formula (1): 

,5 Effective capacity=CxW (1) 

wherein C is a unit capacily (mAh/g) per g of the active material in each of the positive and negative active material lay- 
ers and W is the weight (g) of the total active material in the active material layer. Inasmuch as the unit capacity of each 
posHive and negative active material layer and the effective capacity vary depending on the active material of the coun- 
20 ter electrode and the kind of electrolyte to be used, the effective capacity in the present invention is determined by the 
fallowing method. 

[Measurement of the effective capacity ] 

25 Measured acxording to three-electrode method described in Akira Fujishima et al.. DENKIKAGAKUSOKUTEIHO (JO), 
p. 6. Gihodoshuppan Co.. Ltd.. Tokyo, 1991 , and using metal litiiium as counter electrode and reference electrode. 

A liquid electrolyte is air-tightly impregnated in the separator sheet made from an optional material, such that said 
liquid electrolyte maintains the distance between the above-mentioned positive and negative electrode sheets. 

When the effective capacity of the negative electrode active material layer is excessively greater than that of the 
30 posHive electrode active material layer, the object of the present invention cannot be achieved, whereas when it is 
excessively smaller, dendrite may be developed more positively. Thus, the effective capacity of the negative electrode 
active material layer is 80-120 mAh. preferably 100-110 mAh. per the effective capacity 100 mAh of the positive elec- 
trode active material layer. 

Thus, the effective capacity of negative electrode active material layer does not need to be made greater than that 

35 of the positive electrode active material layer, though such is the case with conventional ones, and the effertive capacity 
of the positive and negative electrode active material layers may be made the same. Therefore, the weight and thick- 
ness of the sheet type lithium secondary battery can be decreased corresponding to the decreased amount of the neg- 
ative electrode active material layer. 

The present invention is explained In more detail by niuslrative Examples. Fig. 1 shows the top view of one embod- 

40 iment of the present invention and Rg. 2 shows a cross section along the line X-X in Fig. 1 . 

In Figs. 1 and 2. 1 means a negative electrode sheet consisting of a negative electrode collector 1 1 and a negative 
electrode active material layer 12. 13 means a folded part of the negative electrode sheet 1, 2 means a positive elec- 
trode sheet consisting of a positive electrode collector 21 and a positive electrode active material layer 22. 23 is an end 
portion of the positive electrode sheet. 3 is a separator disposed between the negative electrode sheet 1 and the pos- 

45 itive electi-ode sheet 2. 4 is a sheathing sheet 41 a sealed part of the sheathing sheet. 5 is a negative electrode termi- 
nal, and 6 is a positive electrode terminal. The separator 3 is impregnated with a nonaqueous liquid electrolyte. 

The sheathing sheet 4 is impermeable to gas and water, and preferred is a complex sheet having a thermoplastic 
resin laminate layer of polyester, polypropylene and the like, on the both sides of a metal foil of. for example, copper, 
aluminum and tiie like, wherein said thermoplastic resin laminate layer can be heated to melt-seal the conterrt. 

so The positive electrode active material layer 22 located at the end portion 23 of the positive electrode sheet is. as 
shown in Fig. 2. enclosed by the negative electrode active material layer 12, and the entire edge of the active material 
layers of the both sides of the posrtive electrode sheet does not extend beyond tiie edge of the active material layer of 
the negative electrode sheet From tfie positional relationship between these positive and negative electrode active 
material layers, the occurrence of dendrite on ttie negative electrode active material layer 12 can be overcome. In the 

55 present invention, the distance between the negative electrode active material layer 1 2 and the positive electrode active 
material layer 22 is about the same as that in conventional three dimensional lithium secondary batteries, namely. 10- 
100 nm. The difference d between the edges of the positive and negative electrode active material layers as shown in 
Fig. 2 is at least about 0.5 mm, preferably about 0.5-5 mm. 
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The embodiments shown in Figs. 1 and 2 can be produced by the following method. That Is. ^^ative electrode 
sheet 1 which is about twice longer than a positive electrode sheet 2 and a separator 3 are superimposed, the both are 
(bided in two at about the center thereof with the separator 3 coming inside, the positive electrode sheet 2 is inserted 
between the flaps of the separator 3 as shown in Fig. 2. The above-mentioned positive and negative electrode sheets 

5 have been welded with terminals 5 and 6. respectively. Then, the obtained assembly is set between two sheathing 
sheets 4. and three sides of the sheathing sheet 4 are sealed by heat-melting. The separator 3 is impregnated with a 
nonaqueous liquid electrolyte under reduced pressure and the remaining side of the sheathing sheet 4 is sealed by 
heat-melting while retaining the reduced pressure to give a sheet type lithium secondary battery. 

A sheet type lithium secondary battery is often considered to be easily produced in view of the simpler structure 

10 than that of a three dimensional type battery. On the contrary, industrial production using, as an electrolyte, a nonaque- 
ous liquid electrolyte is unexpectedly difficult. This is because of various problems arising from air-tightly sealing said 
liquid electrolyte in a sheathing sheet bag. The following description clarifies this point. 

In columnar and box type three dimensional lithium secondary batteries, the sheathing container having a three 
dimensional structure is mechanically strong. Therefore, after necessary battery elements are housed in a sheathing 

IS container, the sheathing container is considered a vacuum container and a liquid electrolyte can be injected therein 
upon making the inside of the container vacuum or having a reduced pressure in atmosphere. 

In contrast, the sheathing sheet of the sheet type lithium secondary battery has an envelope shape and cannot be 
subjected to a treatment regularly done in vacuo or under reduced pressure in atmosphere. Thus, after necessary bat- 
tery elements are housed in the envelope sheathing container, the sheathing sheet should be housed in a different vac- 

20 uum container into which a liquid electrolyte is injected and the sheathing sheet is sealed. In so doing, the positive 
electrode sheet, separator and negative electrode sheet may be dislocated due to the transport of the envelope sheath- 
ing container, to cause a short-circuit between the positive and negative electrode sheets. This short-circuit problem 
can be resolved by making the separator a bag by bonding each end portion of two separator sheets (hereinafter sep- 
arator bag) and housing the positive electrode sheet and/or negative electrode sheet in this separator bag. For exam- 

25 pie. Japanese Patent Unexamined Publication Nos. 7-50601 and 8-167401 disclose housing the positive electrode 
sheet and/or negative electrode sheet in a separator bag for some other purpose in the production of a three dimen- 
sional type battery. When a separator bag is used, however, the movement of the liquid electrolyte in the envelope 
sheathing sheet produces difference in the speed thereof between the inside and outside of the separator bag, due to 
the presence of the bag itself, which in turn results in a case where the inside of the envelope sheathing sheet cannot 

30 be filled air-tightly and uniformly with a liquid electrolyte. 

The material of the separator sheet forming the separator bag includes, for example, one or more from polyolefins 
such as polyethylene, polypropylene and the like, wherein two or more thereof are used, or a laminate of two layers or 
more or a mixture may be used, polyesters such as polyethylene terephthalate, thernrwplastic fhjororesins such as eth- 
ylene-tetrafluoroethylene copolymer, celluloses and the like. The shape of the sheet is preferably a film with holes. 

35 woven fabric, nonwoven fabric and the like having an air permeability as determined by the method defined in JIS- 
P8117 of about 5-2000 sec/100 cc and a thickness of about 10-200 \im. 

The shape of the separator bag and the way of housing the positive and negative electrode sheets may vary. The 
separator bag may be a single bag to contain either one of the positive and negative electrode sheets, or has a plural 
bag structure to contain the positive and negative electrode sheets separately. Alternatively, two single bags may be 

40 prepared which contain positive and negative electrode sheets separately. 

Examples of the single bag structure include one prepared by folding one separator sheet in two and bonding three 
open sides, one prepared by superimposing two separator sheets and bonding four sides and the like. Examples of the 
plural bag structure include one prepared by folding one separator sheet in two, placing a different separator sheet pre- 
pared separately on or between said folded sheets, and bonding the necessary skies thereof, and one prepared by 

;~ superimposing three separator sheets and bonding the four sides. 

At least one side of the four sides of the separator bag is left unbonded before housing the positive and negative 
electrode sheets, so that the sheets can be inserted, just like an envelope before sealing, and the untxsrKded side is 
tx^nded after housing the sheets. The positive and negative electrode sheets thus housed cannot be taken out from the 
separator bag at least until the sheathing sheet is sealed air-tightly. 

so In other words, the bonded parts of the separator sheets are mairrtained at least until the inskJe of Ihe^sheathing 
sheet is sealed air-tightly. The separator bag has an unbonded part to be mentioned later in Examples, so that the Tiquid 
electrolyte injected into the above-mentioned envelope sheathing sheet can move into and out from the separator t>ag. 

Examples of the material constituting the sheathing sheet include various plastics, thin panel or foil of metal (e.g.. 
copper and aluminum), plastic laminate metal thin panel or foil having a plastic laminate layer on one or both sides, and 

55 the like. In particular, a plastic laminate metal thin panel or foil having superior antipermeability to water and gas. and 
superior electric insulation property is preferable. 

The positive electrode sheet and/or negative electrode sheet are/is housed in the above-mentioned separator bag. 
However, the bag has an unbonded part in the periphery of the above-mentioned two separator sheets, so that the liq- 
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hing sheet can move treely through the unbond^^Pfrom and into the 
bagrwhereby the liquid electrolyte can uniformly fill the entire cavity of an envelope sheathing sheet in an extremely 
short time and thus, can fill the inside of the sheathing sheet air-tightly and unifonmly. 

On the other hand, the positive electrode sheet and/or negative electrode sheet are/is kept in a separator bag elec- 
5 trically safely, since they cannot move out from the bag at least until the sheathing sheet is air-tightly sealed, whereby 
the two electrodes are free of the short-circuit problem. 

More particularly, Fig. 1 shows the top view of one embodiment of the present invention and Figs. 3 and 4 show 
cross sections along the line X-X in Fig. 1. Figs. 5-7 are the top views of the separator bag to be used in the present 
invention, which explain bonded and unbonded parts. Fig. 8 shows a cross section along the line Y-Y in Fig. 7. 
10 In Fig. 1 and Fig. 3-Fig. 8, 1 means a negative electrode sheet, 2 means a positive electrode sheet 3' means a 
separator bag, 31, 32 and 33 mean a separator sheet constituting the separator bag, 4 is a sheathing sheet. 41 means 
a bonded part of the sheathing sheet. 5 means a negative electrode terminal, 6 means a positive electrode terminal and 
7 means a nonaqueous liquid electrolyte. In Rg. 1. separator bag 3' is omitted. Conversely in Figs. 5-7, the negative 
electrode sheet 1. positive electrode sheet 2 and sheathing sheet 4 are omitted. The negative electrode sheet 1 and 
IS positive electrode sheet 2 both consist of a collector and an active material layer. In Figs. 3 and 4, and Rg. 8. the col- 
lector and an active material layer are omitted for simplification of the drawing, though negative electrode sheet 1 and 
positive electrode sheet 2 include the omitted parts. 

In Rg. 3. the positive electrode sheet 2 alone is housed in a single separator bag 3* consisting of separator sheets 
31 and 32. and the negative electrode sheet 1 remains naked. Conversely, the negative electrode sheet 1 alone may 
20 be housed in the separator 3'. and the positive electrode sheet 2 may be left naked. Moreover, a separator bag having 
a two-single-bag structure may be prepared and the negative electrode sheet 1 and positive electrode sheet 2 may be 
housed therein separately 

In Fig. 4. the negative electrode sheet 1 and positive electrode sheet 2 are housed separately In a separator bag 
3' having a plural bag structure consisting of separator sheets 31, 32 and 33. 
25 The separator bag shown in Fig. 5 has at least two separator sheets 31 and 32 or 31-33 (hereinafter to be referred 
to as separator sheet group) topically bonded at the edge thereof. In Figs. 5-7, each sheet in the separator sheet group 
has the same size and is superinposed on each other, so thiat the uppermost separator sheet 31 alone is shown 
wherein topical bonded points are shown by black points. The separator sheet group is point welded at two points in the 
longitudinal and transverse directions of the sheet totaling in 8 points. In the present invention, the method for the top- 
so ical bonding is not limited, and the separator sheets may be melted together and adhered wrth a suitable adhesive, or 
other method may be used. The sites and degree of adhesion may vary as long as it achieves the object of the present 
invention. 

In the separator bag shown in Rg. 6. one separator sheet is folded at the center 35 thereof and the upper flap is 
shown by 31. The two flaps are point welded at two points in the transverse direction and one point in the longitudinal 
55. direction, thus totaling in 5 points. 

In generality, when the positive and negative electrode sheets are counterfaced, the entire edge of the active mate- 
rial layer of the negative electrode sheet extends beyond the entire edge of the active material layer of the positive elec- 
trode sheet, for the prevention of dendrite in a lithium secondary battery. In other words, it is preferable that the active 
material layer of the positive electrode sheet be within the area of the negative electrode active material layer, when it 
40 is projected on the negative electrode sheet active material layer. 

In Rg. 7 and Rg. 8, the negative electrode sheet 1 and the posHive electrode sheets 2 having a little smaller area 
than the negative electrode sheet 1 are housed separately in the two parts in the separator bag 3' wherein three sepa- 
rator sheets 31-33 are topically bonded, to positively ensure the positional relationship between the above-mentioned 
positive and negative electrode sheets. The twelve black points 36 shown in Fig. 7 are topical bonding points of sepa- 
45 rator sheets 33 and 32 to house the negative electrode sheet 1 . and the total of ten points of X 37 are topical bonding 
points of separator sheets 31 and 33 to house the positive electrode sheet 2. Rg, 8 shows the cross section of topical 
bonding points at the black points and X points. Each X point 37 is located inside each black point 38. and when they 
are topically bonded, the positive and negative electrode sheets are in the above-mentioned counter positional relation- 
ship. 

so : In Figs. 5-7. except the center 35 of the fblded-part of the separator sheet in Rg. 6, the.part other than the black 
points and X points is not bonded. Thus, the Rquid electrolyte can freely move into and out from the separator bag 
through the unbonded part. In the present invention, any part can be the unbonded part and the size thereof is not sub- 
ject to any particular limitation as long as the above-mentioned free movement of the electrolyte is secured. 

In the present invention, when the inside of the sheathing sheet is sealed in vacuo or under reduced pressure, the 

55 negative electrode sheet 1 , positive elecUode sheet 2 and separator 3* do not move relative to each other, thus obviat- 
ing the problem of short-circuit caused by the relative movement between the negative electrode sheet 1 and positive 
electrode sheet 2. Thus, in the present invention, the bonding strength at each bonding site is sufficient if it holds until 
the inside of the sheathing sheet is sealed air-tightly. 
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The sheet type lithium secondary batter^f the present invention is free of the problems of s 
ficient impregnation with liquid electrolyte between positive and negative electrode sheets, which problems being 
caused by the dislocation of the battery elements. Thus, industrial production is extremely easy and the space factor, 
light-weightedness and safety based on fine heat radiation, which are the advarrtages of the sheet type IHhium secorxJ- 
5 ary battery, can be fully utilized. 

Example 1 

A negative electrode sheet having an active material layer having a thickness of 70 fun which was made from a 
10 composition of fiber graphite (90 parts by weight) and polyvinylidene fluoride (10 parts by weight) on the entire surface 
of one side of a copper foil (length 30 cm. width 4.1 cm. thickness 14 jtm). a polypropylene separator having a length 
and width of more than those of said negative electrode sheet, and a positive electrode sheet having an active material 
layer having a thickness of 73 jim which was made from a composition of UC0O2 (90 parts by weight), a conductive 
graphite (7 parts by weight) and polyvinylidene fluoride (3 parts by weight) on the entire surface of both sides of an alu- 
15 minum foil (length 14 cm. width 3.9 cm, thickness 20 ^un) were prepared. A sheathing envelope was also prepared, 
which had a polyester laminate layer on one side of an aluminum foil (thickness 10 |xm) and a polypropylene laminate 
layer on the other side thereof, three sides of the two complex sheets being heat-melt sealed. 

The separator was placed on the active material layer of the negative electrode sheet and folded at the about center 
with the separator being inside. Then, the positive electrode sheet was inserted between the folded separators. The 
20 thus-obtained assembly was placed in the above-mentioned sheathing envelope, and a nonaqueous liquid electrolyte 
obtained by dissolving UPFg (1 mole) per litter of a mixed solvent (1 £) of ethylenecaibonate and ethyl methyl carbonate 
(volume ratio 1 :1) was injected. The pressure was reduced to not more than 50 mmHg and the remaining side of the 
sheathing envelope was sealed by heat-melting while retaining the reduced pressure to give the sheet type lithium sec- 
ondary battery. 

25 

Comparative Example 1 

In the same manner as in Example 1 except that the size and positional relationship between the negative elec- 
trode sheet and positive electrode sheet were completely reversed, the sheet type lithium secondary battery was 
30 obtained. 

The battery of Exanrple 1 had an initial discharge capacity of 250 mAh and capadly retention after 100 cydes of 
charge-discharge was 96%. In contrast, the battery of Comparative Example 1 had an Initial discharge capacity of 250 
mAh but abnormal charge discharge curve was observed after 15 cycles of charge<lischarge. The battery was deas- 
sembled to find an obvious occurrence of dendrite. The battery of Example 1 was free of occurence of dendrite after 
35 100 cydes of charge-discharge. 

In the present invention, the negative electrode sheet may be folded three times or less and a positive electrode 
sheet having active material layer on both sides may be inserted in each folded part. The greater the nurrtier of foWing 
of the negative electrode sheet, the greater the restoring force to the state before folding the negative electrode sheet, 
so that the production of the sheet type battery becomes complicated. It is therefore particularly preferable to use only 
40 one negative electrode sheet and fold same into two at the center portion or a position neartiy. 

The sheet type lithium secondary battery off the present invention has a long service life after substantially solving 
the problem of dendrite. Inasmuch as the battery capacity can be increased, the space factor, light-weightedness and 
safety based on fine heat radiation, which are the advantages of the sheet type lithium secondary battery, can be fully 
utilized. 

Example 2 

A negative electrode sheet having an active material layer having a thickness of 60 fun and nnade from a composi- 
tion of fiber graphite (90 parts by weight) and polyvinylidene fluoride (10 parts by weight) on the entire surface of one 

so side of a copper foil (length SO cm. widthAI cm. thickness 14 fun), a polypropylene separator having a length and width 
of greater than those of said negative electrode sheet, and a positive electrode sheet having an active material layer 
having a thickness of 73 ^tm and made from a composition of UC0O2 (90 parts by weight), a conductive graphite (7 
parts by weight) and polyvinylidene fluoride (3 parts by weight) on the entire surface of both sides of an aluminum foil 
(length 14 cm. width 3.9 cm. thickness 20 \im) were prepared. A sheathing envelope was also prepared, which had a 

55 polyester laminate layer on one side of an aluminum foil (thickness 10 ^m) arxl a polypropylene laminate layer on the 
other side thereof, three sides of the two complex sheets having been heat-melt sealed. The effective capacity off the 
negative electrode active material layer and positive electrode active material layer as measured by the above-men- 
tioned method were 260 mAh and 250 mAh. respectively, and the ratio thereof was 1 .04:1 . 



^H^cuit and insuf- 
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The above-mentioned negative electiode sheet and separator were superinrposed. and foi^rat the about center 
with the separator being Inside. Then, the positive electrode sheet was inserted between the folded separators. The 
thus-Obtained assembly was placed in the above-mentioned sheathing envelope, and a nonaqueous liquid electrolyte 
obtained by dissolving UPFg (1 mole) per litter of a mixed solvent (1 £) of ethylenecaibonate and ethyl methyl carbonate 
5 (volume ratio 1 :1 ) was injected therein. The pressure was reduced to not more than 50 mmHg and the remaining side 
of the sheathing was sealed by heat-melting while retaining the reduced pressure to give the sheet type lithium secoixl- 
ary battery. 

Comparative Example 2 

to 

In the same manner as in Example 2 except that the thickness of the active material layer of the negative electrode 
sheet was 200 \Lm (the effective capacity ratio of the negative electrode active material layer and positive electrode 
active material layer being 2.5:1), the sheet type lithium secondary battery was obtained. 

The characteristics of the sheet type lithium secondary batteries of the above-mentioned Example 2 and Compar- 
es atlve Example 2 are as follows. 





Example 2 


Comparative Example 2 


initial discharge capacity 


250 mAh 


250 mAh 


total weight of battery 


11 g 


ISg 


thickness of battery 


0.65 mm 


0.85 mm 


nail penetration test 


no firing 


no firing 



Inasmuch as the sheet type IrtNum secondary battery of the present invention is superior to conventional products 
in space feictor and light-weightedness, and highly safe, it is suitable as a battery for cellular phones and electronics 
30 such as personal computer. 

This application Is based on application Nos. 8-325485, 8-325488 and 8-331091 filed in Japan, the contents of 
which are incorporated hereinto by reference. 

Claims 

35 

1. A sheet type lithium secondary battery comprising a negative electrode sheet having an active material layer on 
one side thereof and folded with said active material layer being Inside, a positive electrode sheet having an active 
material layer on both sides which is inserted between flaps of the folded negative electrode sheet, and a separator 
impregnated with a nonaqueous liquid electrolyte and set between the active material layers of the negative elec- 
40 trode sheet and the positive electrode sheet. 

2- The sheet type lithium secondary battery of claim 1. wherein one negative electrode sheet is folded in two at the 
center portion or a portion near the center thereof. 

45 3. The sheet type lithium secondary battery of daim 1 , wherein the entire edge of the active material layers on the 
both sides of the positive electrode sheet does not extend beyorxi the edge of the active material layer of the neg- 
ative electrode sheet. 

4. The sheet type lithium secondary battery of daim 1, wherein the negative electrode active material is a graphite. 
so and the positive electrode active material is a lithium-containing transition metal oodde. 

5. The sheet type lithium secondary battery of claim 1 . wherein the effective capacity of the negative electrode active 
material layer is 80-120 mAh per 100 mAh of the positive electrode active material layer. 

ss 6. The sheet type lithium secondary battery of claim 5, wherein the effective capacity of the negative electrode active 
material layer is 100-1 10 mAh per 100 mAh of the positive electrode active material layer. 

7. The sheet type lithium secondary battery of claim 5. wherein the positive electrode active material layer comprises 
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a Irthium-containing transition metal oxide and the negative electrode active material layer comprises a graphite. 

8. The sheet type lithium secondary battery of claim 1. wherein the separator comprises separator sheets adhered 
together to have a bag shape, said separator bag housing at least one of the positive electrode sheet and negative 

5 electrode sheet in such a manner that they cannot release from the bag. and the bag having an unbonded part 

through which the nonaqueous electrolyte can move freely from and into the bag. and wherein the separator is air- 
tightly housed in a sheathing sheet. 

9. The sheet type lithium secondary battery of claim 8. wherein the bonded part of the separator sheets is maintained 
10 at least until the sheathing sheet is air-tightly sealed. 

10. The sheet type lithium secondary battery of claim 8. wherein the active material of the positive electrode sheet is a 
lithium-containing transition metal oxide and that of the active material negative electrode sheet is a graphite. 
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FIG. 7 
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